Abstract: Due to the specificity of the transport of dangerous goods, as well as the obligations arising from the legislation regulating this field, all the actors of this process are obliged to take special measures in order to avoid undesired consequences. Special attention is paid to the planning of the transport of dangerous goods. One of the most important planning elements is choosing a route for the transport of dangerous goods in urban areas. In order to take preventive measures, risk assessment is carried out on the routes and the minimum risk route is defined. In this paper, a new model for selection of the routes for the transport of dangerous goods (hazmat) on the network of urban roads is proposed. The model is based on a multi-criteria risk analysis and the traditional Dijkstra algorithm (D-R model). The D-R model is a new approach for minimizing the cost and a variety of risk criteria in hazmat routing
Introduction
In transport management, mitigation of the negative consequences of transport, especially those related to safety and environmental impact, is often emphasized. Due to the harmfulness and the extent of the possible consequences, managing the transport of dangerous goods, especially in urban areas, is an issue gaining more and more attention. One of the main problems in managing the transport of dangerous goods is the problem of route selection. The problem of dangerous goods routing is manifested in numerous variations. The formulation of the problem depends on 2 Literature review A large number of international studies have shown that the risk originating from mobile sources (vehicles transporting dangerous goods) has the same significance as the risk originating from fixed sources - (Ormsby& Le, 1988; Brockoff, 1992; Vilchez et al., 1995; Bonvicini and Spadoni, 2005) , so that it is necessary to reduce the size of the risk originating from mobile sources and keep it within the limits of acceptable values. A number of different methodologies have been developed in the literature for the selection of routes for the movement of vehicles transporting dangerous goods: from case studies that include risk analysis (Bubbico at al., 2000; Rao Madala, 2000; Milazzo et al., 2002; Scenna& Santa Cruz, 2005; Govan, 2005; Wang et al., 2015) , through studies where the choice of route is based on the data obtained from statistical analysis and research of a number of incident situations (Fabiano et al., 2002; Anderson &Barkan, 2004; Hamouda, 2004; Ohtani& Kobayashi, 2005) , to solving the choice of a route through algorithms for routing vehicles (Fu, 2001; Bonvicini et al., 2002; Akshay&Prozz, 2004; Zografos and Androutsopoulos, 2004; Bahar&Verter, 2004; Godoy, 2007; Zografos, 2008; Batarlienė, 2008; Wang et al., 2015; Androutsopoulos & Zografos, 2010; Pamučar et al., 2016) . The methods that are very easy to use, that are understandable and with a high level of reliability of risk level determination have been developed by (Rao et al., 2004; Bubbico et al., 2004; Huang, 2005; Ghazinoory&Kheirkhah, 2008) : also, there are methods that are adapted to support decision-making process and are intended for spatial planning (Spadoni et al., 2000; Lin, 2001; Gheorghe et al., 2005; Jovanović, 2009 ). In the last ten years, special attention has been devoted to developing methodologies for determining the level of risk of transporting dangerous goods in tunnels; these methodologies have been developed by (OECD, 2001; Saccomanno and Haastrup, 2002; Knoflacher, 2002; Van den Horn et al., 2006; Kohl et al., 2006) .
From the above, it can be concluded that there are numerous methodologies developed with the aim of selecting a route for the movement of vehicles transporting dangerous goods from the aspect of risk management. The hybrid methodologies, which represent the application of a multi-criteria analysis in combination with the conventional routing models, in spite of their simplicity, have not been considered in the literature so far. This paper presents a new model named a D-R model for hazmat vehicle routing problem (HVRP) in urban zones based on the application of the Dijkstra algorithm and the multi-criteria minimization of risk. One of the advantages of this model comparing to the existing ones lies in its complex consideration of a number of parameters which affect the risk of dangerous goods transport in urban areas. In this sense, in addition to the carrier's operating costs, as criteria for the convenience of routes for the transport of dangerous goods on the network of urban roads, six parameters which define the level of risk are considered: Emergency response, Environmental risk, Risk of an accident, Consequences of an accident, Risk associated with infrastructure and Risks of terror attack / hijack. A risk (R) value is introduced as a convenience measure for the transport of dangerous goods.
By optimizing the routes for the transport of dangerous goods in urban areas with the help of the proposed model the safety of residents in urban areas is improved and the risk of accidents is reduced. In general, since in most models for solving the hazmat routing problem as criterion functions there are cost and / or risk functions that are related to randomness and uncertainty, here a soft computing approach is desirable, as it is desirable to use a more comprehensive set when selecting a route criteria. A comprehensive approach to the risk analysis when planning the route for the transport of dangerous goods adds a new value to the decision-making process and evaluates the problems associated with the urban hazmat routing.
The second advantage of this model is its processing of group knowledge in the process of selecting vehicle routes since this model was formed on the basis of an expert knowledge base which stems from the heuristic management experience. The third advantage is the adaptability of the model, which is reflected in the possibility of adjusting the model depending on the specificity of a concrete problem, thus achieving risk management in an uncertain environment.
D-R routing model
The D-R model is realized through two phases. In the first phase of the D-R model, a transport network is formed in the urban area and the input parameters (criteria) are identified, based on which the R values of the branch network are determined. Defining R values of the branch network is done using the term (1) After defining the R values on the network, in the second phase, using the Dijkstra algorithm, the routes for the transport of dangerous goods are defined. The criterion function minimized by means of the Dijkstra algorithm is the sum of the R values of the branch network that are on the routes. The routing model in urban zones is realized through the following steps:
Step 1 A network of roads is defined. Within the network of roads, network nodes containing the customers to which dangerous goods are delivered are defined.
Step 2 Input parameters of the adaptive neural network that influence the determination of R values on the branches of the transport network are identified. In the D-R model, seven parameters are set, representing the aggregated value of costs and risks during the transport of dangerous goods in urban areas.
Step 3 Input parameters are calculated (, j = 1, 2,…7), expression (1), for each branch of the transport network. This defines R values for all branches of the observed transport network.
Step 4 Using the Dijkstra algorithm, the routes for the transport of dangerous goods in urban areas are designed.
Criteria for minimizing risk in the D-R model
As stated in the previous chapter, seven criteria are identified on the basis of which R values are determined on the observed transport network ( Table 1 ). The selection of criteria and their indicators was carried out on the basis of the recommendations of Pamučar et al., (2016) research and expert recommendations. 
C2
Emergency response in the event of an accident Emergency response is the time for which city services (fire services and emergency services) react in the event of an accident. The average response time is taken as an input parameter, which is determined based on the distance of these services from the middle of the branch network. The value of this criterion is expressed in minutes (min).
C3 Environment Risk
It is determined based on the number of sensitive areas of the environment (water surfaces, green areas) located in the branch belt. The branch belt is defined as a critical area that can be contaminated in the event of an accident. The width of the branch belt depends on the type of dangerous goods and covers an area of 800 meters from the branch. The value of this criterion is determined on a scale of 1-10, where the value 1 represents a very small number of No. Criteria Criterion description sensitive areas, and the value of 10 is a very large number of sensitive areas.
C4 Risk of traffic accidents
The risk of a traffic accident is defined based on the number of traffic accidents (f1) at the branch in the last 10 years, the number of traffic lanes (f2), the percentage of freight vehicles in the traffic flow (f3) and the signaling (f4). The total risk of an accident (X) is obtained using the expression X = 0.3 f1 + 0.2 f2 + 0.2 f3 + 0.3 f4. The values of f1, f2, and f3 are presented with quantitative indicators, while the quantification of indicators f4 is done using the scale: 1 -traffic rules, 2 -traffic signal regulation, 3 -light signals regulation. The value of this criterion is determined on a scale of 1-10, where value 1 represents a very small risk of a traffic accident, and the value of 10 is a very high risk of a traffic accident.
C5
Implications for the population in the event of an accident
It is represented by the number of inhabitants (affected population) living in the belt of the branch. The belt of the branch is space of 800 meters from the branch. The value of this criterion is determined on a scale of 1-10, where value 1 represents a very small number of affected population, and the value of 10 is a very large number of affected population.
C6

Infrastructure and important facilities risk
Infrastructure and important facilities risk is the number of important infrastructure facilities in the branch belt (railways, electrical installations, industry, business and transport facilities, schools, hospitals, historic buildings, official buildings). The value of this criterion is determined on a scale of 1-10, where the value 1 represents a very small number of infrastructure objects, and the value of 10 a very large number of infrastructure objects.
C7
The risk of a terrorist attack
The risk of a terrorist attack is an assessment of the threat to the branch as a potential site of a terrorist attack, with the aim of endangering the population, significant infrastructure facilities and vulnerable areas of the environment. The risk is proportional to the significance of potential objectives in the branch belt. The value of this criterion is determined on a scale of 1-10, where value 1 represents a very small risk of a terrorist attack, and the value of 10 is a very high risk of a terrorist attack.
Weight coefficients ( j w ). The weight criteria of these criteria are defined by interviewing experts. In the next section of the paper, a model for estimating the reliability of the results and its application in this study is presented. The significance of the criteria was determined using the 1-10 scale, where 1 is a little important and 10 is a very important criterion. The results of the survey of experts are shown in Table  2 . The final values of weight coefficients have been normalized using additive normalization. An example of the calculation of the final value of the weight coefficient for the criteria "Transport Costs" is shown in the following expression Similarly the weight criteria for the remaining criteria were obtained, Table 2 .
Dijkstra algorithm
Dijkstra (1959) has developed one of the most efficient and most used algorithms for determining the shortest paths from one node to all other nodes in the network. This algorithm presents a special case of the exposed generic algorithm. In the Dijkstra's algorithm, a node i corresponding to the minimum value of the shortest known path is removed from the list of candidates V in each iteration.
Step 1 In the first step it is necessary to determine the initial node in the network. In the model presented in this paper, the initial node in the network is defined in advance and represents the location of the CLC. We begin the process from node L . Since Gp from node L to node L is equal to zero we assign the initial node with Step 3 In order to transform some of the temporary designations into actual ones, it is necessary to examine all of the branches (c,i) coming out of the last node that is in a closed state (node c). If node i is in a closed state, then examination of the next node begins. If node j is in an open state, we obtain its designation as an EUF vehicle on the basis of the relation
If node j is in an open state, we obtain its designation on the basis of the relation
Step 4 To determine which node is next to move from an open to a closed state, the size of all of the nodes in an open state is compared.
We choose the node with the lowest size value Gp. Let it be node j. Node j passes from an open to a closed state, since there is no value of Gp from a to j that is less than Step 5 Since the next node which passes from an open to a closed state is node j we determine the predecessor node for node j, on the shortest path which leads from node a to node j. The performances of the links of all of the branches (i,j) which lead from the nodes in a closed state to node j are tested until we determine that the relation is fulfilled (5)
Let this relation be fulfilled for node t. This means that node t, the predecessor node to node j, is on the shortest path that leads from node a to node j. This means that we can say that i qt  .
Step 6 If all the nodes in the network are in a closed state, then we have finished with the process of finding the optimal routes for vehicles. If there are still any nodes that are in an open state, then we go back to Step 3.
Testing of the D-R model for dangerous goods routing in urban zones
The model has been tested in the case of the transport of dangerous goods for the needs of the Ministry of Defense of the Republic of Serbia. The transport of dangerous goods was considered on the route: The Vasa Čarapić Barracks Warehouse -Knic warehouse of propulsion assets (Leskovac) and return to the Knic warehouse of propulsion assets (Leskovac) -The Vasa Čarapić Barracks. The transport of dangerous goods is carried out in both directions, which additionally complicates the set task. By looking at the road networks and determining possible road directions for the realization of the assigned task, it comes to the road network that is shown in Figure1. The same thing has to be done for the city zone of Belgrade. The enlarged view is shown in Figure 3 . Figure 4 . The schema is not in ratio but only shows the transport network and the connection of the nodes on it. The transport network in Figure 4 was used to solve the Dijkstra algorithm. 
Evaluation of the transport network branch
Determination of the value of the branch was made on the basis of the criteria described in the previous chapter. For each branch, the values of the criteria are individually determined in the following way:
-Criterion K1 (transport costs) is determined on the basis of the length of the branch and is expressed in kilometers.
-The K2 criterion (emergency response in the event of an accident) was determined on the basis of the proximity of the branch from the emergency services and is expressed in minutes.
-The criterion K3 (environmental risk) was determined on the 1-9 scale in the following way: the values 1 and 2 were assigned to city zones in which there are few green areas, 3, 4, and 5 were assigned to urban and populated areas in which there are green areas, 6 and 7 were assigned to zones in which the branch of large length stretches along the agricultural land or next to a protected property, 8 and 9 were assigned to zones in which the branch passes by or across rivers and lakes, and often in combination with green areas and agricultural land.
-The K4 criterion (risk of a traffic accident) is determined on the basis of road characteristics that directly affect the safety of traffic and the possibility of a traffic accident. It was determined on the 1-9 scale in the following way: the values 1, 2, and 3 were assigned to freeways and roads without curves, the values 4, 5, and 6 were assigned to roads with multiple crossing points, traffic roundabouts, curves and intensive traffic, value 7, 8 and 9 were assigned to road directions with many curves, poor road transparency, high-intensity traffic and travel loops.
-The K5 criterion (consequences for the population in the case of an accident) is determined based on the number of inhabitants living near the branch. It is determined on the 1-9 scale in the following way: the values 1, 2, and 3 were assigned to branches that pass through uninhabited and poorly populated places, the values 4, 5, and 6 were assigned to the branches that pass through villages and suburban zones, values 7, 8 and 9 were assigned to branches that pass through urban settlements.
-Criterion K6 (infrastructure and important facilities risk) is determined based on the number of infrastructure and important facilities located near the branch. It was set on the 1-9 scale in the following way: the values 1, 2, and 3 were assigned to branches in the vicinity of not many important objects, the values 4, 5, and 6 were assigned to the branches in the vicinity of infrastructural objects of minor importance (smaller factories, ambulances), values 7, 8 and 9 were assigned to branches in the vicinity of large plants, factories, schools, hospitals, embassies, state facilities.
-The K7 criterion (the risk of a terrorist attack) is directly related to the number of infrastructure and important facilities. It was set on the 1-9 scale in the following way: the values 1, 2 and 3 were assigned to branches that go through smaller urban areas, the values 4, 5, and 6 were assigned to the branches in the vicinity of tourist sites, police stations, hospitals, schools, the values 7, 8 and 9 were assigned to branches in the vicinity of tourist sites, embassies, state buildings, factory plants, military facilities, institutions, etc.
The values of the criteria by branches are shown in Table 3 . By normalizing the values shown in Table 3 the values of the comparable nondimensional size on the basis of which they are calculated are obtained, the expression (1), the final value of the branches, and the total value of the risk. The normalization of the value of the criterion was made using the percentage normalization, i.e. by dividing the values of the criteria with the highest value of the observed criterion. Table 4 shows the normalized values of the criteria and the value of each branch is determined using the expression (1) A schematic representation of the transport network with the previously calculated values is shown in Figure 5 . 
Application of the Dijkstra's algorithm to calculating the optimal route
Using the Dijkstra algorithm described in section 3.4 of this paper the shortest paths from node 1 to all other nodes in the network are calculated. Since the values of the transport network branch are the risk calculated using the criteria determining the shortest paths from node 1 to all other nodes, an optimal route (the safest) for the transport of dangerous goods will be obtained.
On the given transport network, node 1 is the warehouse of propulsion assets of CLoB "Knic" (Leskovac), and node 22 is the barrack Vasa Čarapić. By determining the shortest route between these two nodes, an optimum route for the transport of dangerous goods is obtained.
Optimization of dangerous goods transport in urban zone
145
The process of searching for the shortest paths starts from node 1. Since the length of the shortest path from node 1 to node 1 is equal to 0, that is 1,1 0 d  . The precursor to the starting node 1 is indicated by the + symbol, therefore 1 q . The lengths of all the shortest paths from node 1 to all other nodes 1 i  for now are unexplored, and that is why it is for all other nodes 1 i  putted that
Since the nodes are the precursors to the nodes 1 i  on the shortest paths it is putted i q for all 1 i  . The only node that is currently closed is node 1. That's why it is 1 c  . In addition to the labels of the node 1 -the sign   0,  the sign' is placed to indicate that node 1 is in a closed state. This completes the first step of the algorithm.
In the second step of the algorithm, the lengths of all branches that come out of node 1 that is in a closed state are examined. It follows that:
In the third step, since the branch (1, 2) is the only branch leaving node 1, this means that the next node that goes into the closed state is node 2. Since it is 1,2 1,1
(1,2) 0,32 0,32
, it follows that in the fourth step, node 1 is precursor to node 2 on the shortest path, that is, 2 1 q  . In the fifth step, it can be noticed that there are still nodes in the transport network that are in an open state, so the second step is repeated according to the algorithm.
The last node that is in a closed state is node 2, which means that 2 c  . By examining all branches that go from node 2 to nodes in the open state, it follows that: Also, since it is:
, this means that node 2 is the node-precursor of node 3, i.e. that 3 2 q  . In the fifth step after the second pass through the algorithm, it is determined that there are still open nodes on the transport network and, therefore, the algorithm is repeated.
In the third pass through the algorithm follows: 
min , (13,21) min ,4,01 0,7 min ,4,71 4,71 , and from this it follows that node 20 is the node-precursor of node 22 on the shortest path, so it is 1,20 22 q  , which means that the next node that goes into the closed state is node 22. After 26 passes it can be determined that there are no open nodes on the network, which means that the algorithm is finished. The shortest paths are displayed in Figure 6 . The optimal route for the transport of dangerous goods is: 1-2-3-4-5-9-10-11-15-14-20-22. The total value of the risk on the optimal route is obtained using the following expression: 
Conclusions
The paper presents a new approach to the application of the Dijkstra algorithm and the multi-criteria model in solving urban HVRP. The multi-criteria model was used to determine R values when transporting dangerous goods on urban roads. The authors' opinion is that this new approach to hazmat routing (D-R model) represents a qualitative move towards improving the methodology of routing dangerous goods in urban zones.
The proposed D-R model extends the theoretical framework of knowledge in the field of dangerous goods routing. The problem of routing dangerous goods is considered by the new methodology and thus forms the basis for further theoretical and practical upgrading. Also, the presented model highlights the multiple aspects of the risk assessment on the network of roads that have not been unified in the models so far, and they are important for this issue. By introducing and combining those with the criterion of operational transport costs, what is stressed is the need for a more versatile approach in further analysis of hazmat vehicle routing and similar problems.
The proposed D-R model has three main advantages over other methods. Firstly, it can reflect a variety of decision-making criteria in times of need. The system has the ability of adaptability, which is reflected in the ability to adjust the weight of the criteria depending on the problem under consideration. Secondly, it can be implemented as a computer-based system and, therefore, it supports a dynamic decision-making process in hazmat routing. Thirdly, the proposed model allows for relatively fast and objective estimations of cost and risk factors in hazmat transport under the conditions of a changing environment.
The direction of future research should move towards the identification of additional parameters that influence the identification of risks on the network of urban roads and the implementation of additional decision criteria in the proposed model. In this sense, the methods of fuzzy linear and dynamic programming in combination with heuristic and metaheuristic methods find their place of application. One of the recommendations is the consideration of the strategy of scheduling vehicles that transport different quantities of dangerous goods to selected routes, using genetic algorithms, while defining the limits that are considered with fuzzy linear programming and visualizing the solutions obtained using the geographic information system.
